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•SPECIFICATION 

[TITLE OF THE INVENTION] Optical Communication Module 

• [ABSTRACT] ' " ' ' ; ■ 

[THEME] To simplify the manufacturing process of an. optical 
communication module to improve' productivity and reduce the 
cost. Also, to simplify the manufacturing process, to reduce 
the rate of occurrence of .defects. 

' [SOLUTION MEANS]. An electrode 33 is formed. on one end face and' 
the outer peripheral surface of the. vicinity of ' this. end' face 
of an optical fiber 3 while leaving a core 31 exposed, the end 

• face of optical fiber 3 at which electrode 33 has been formed' 
is put in contact with a light emitting surface 2 6. of a surface 
emission laser 1, and these components are heated in an oven, 
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etc;, to- fuse electrode 33 to light emitting surface 26. • 
Furthermore, in order to strengthen the fixing of optical" fiber 
3 and surface emission laser 1, the vicinity of the junction., 
•part may be fixed with a resin 34.. 
•[WHAT IS CLAIMED IS;] 

[Claim 1] An optical communication module comprising: an 
optical transmission line, having a linear light transmission 
part, a light containment part with a concentric cylindrical. 
form formed so as to cover said light transmission- part , and 
"an electrode formed on one end face in a manner such that said 
light transmission part is exposed at said end face; and 
a -surface emission laser, having a . light, emitting surf ace,. . 
fused with said electrode and emitting light of a predetermined 
frequency. * 

[Claim 2] An optical communication module comprising: a first 

optical transmission line, -having a linear light' transmission ; 

part, a light containment part with a concentric cylindrical. 

form 'formed- so as to cover said light transmission part, and 
;an electrode formed on one end face in. a manner such that .said 

light transmission part is 'exposed at said end face; 

a. surface emission laser, having a- light "emitting surface, 
;f used with said electrode and emitting light ;of a predetermined 

frequency; 
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a second optical transmission line, transmitting optical 
signals; 

a light receiving element, receiving the optical signals., 
transmitted- by said second optical transmission line; ' and 
a fixing part, fixing said surface emission laser and said light 
receiving element. 

[Claim 3] An optical transmission line for transmitting optical 
signals, said optical transmission line comprising: \ 
a linear light transmission part; 

,a light containment part with, a ..concentric, cylindrical form 
formed so as to cover said light transmission part; and 
an. electrode formed on one end. face in a manner such that said .. 
light transmission part is exposed at. said end face. 
[Claim 4] A methqd for- manufacturing an. optical communication-' 
module, equipping a. surf ace emission laser, emitting light of 
a predetermined frequency, andean optical ; transmission line, .- 
having a linear light transmission part and a light containment 
part, with a concentric cylindrical form formed so as' to cover 
the light transmission part, said optical communication module 
manufacturing method comprising: 

a first step'of forming an electrode of said surface emission 
laser . on a first end face of said optical transmission line-' 
in a manner .such that said light transmission part is exposed 
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at said end face; and. 
..a second step of fusing the' electrode . to. the light emitting 
surface of said surface emission laser. 

[Claim 5] The optical communication "module- manufacturing 
method according .to. Claim .4, wherein said first step comprises: 
a third step of coating said first end face with a resist film; . 
a fourth step of making ultraviolet light enter ' said light 
transmission part, from a second end face .side of said optical 
transmission line to expose said resist film; ■ ■ 
a. fifth step of developing said.resist film to make the resist, 
film remain on the light transmission part, that is exposed at 
said first end face; " 

a sixth step of laminating electrode material onto said first 

end face;-.and. ' \ 

a seventh step, of removing the resist film remaining after said 

development along with the electrode material on the resist 

film surface, to expose said .light transmission path'. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] V. 

[Field of .the 'Invention] This invention concerns an optical" 

communication module, " particularly -an optical communication 

module equipped with a light emitting element and an optical 

transmission line. 



-4- 




[00021 

[Prior Arts] An. optical communication module is a device that 
■converts electrical signals into optical signals and then sends 
the 'optical. signals and converts received optical signals into 
electrical signals and comprises : an optical transmission line, • 
transmitting optical signals; a light emitting .element, 
emitting; outgoing, optical signals into 'the "■ optical 
transmission line;- -.and a light receiving .element, .receiving- 

.incoming optical signals that . have been transmitted, by the- 
optical transmission line. The light emitting element is, for., 
example, a .semiconductor laser that emits laser light of a 
predetermined frequency when predetermined "electrical signals 

. are .input into an electrode . The optical transmission line 
is, for example, an optical fiber arranged with a linear light- 
transmission part (core) , in which the outgoing and incoming 

. optical signals are transmitted, and a light . containment . part 
.(clad) , which is formed in a concentric cylindrical form so 
as to cover the light transmission part.- The light receiving . 
element is, for example, a photodiode, which converts the- 
incoming optical signals, which are transmitted through the 
optical transmission line, into electrical. signals . With such 
an optical communication module,, the- outgoing electrical 
signals are input into the electrode of the semiconductor laser, 
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the semiconductor laser converts the outgoing '.electrical : 
. signals into outgoing optical signals and outputs these optical 
signals into • the optical fiber,- and the incoming optical • 
signals, which have been transmitted by. the .optical fiber, are 
converted .into incoming electrical signals at the photodiode. 
[0003] With a prior art, .a lens, etc. , is disposed between the 
optical input/output' end face of the optical . fiber ' and "the 
semiconductor laser to converge the laser light, emitted from 
the semiconductor laser and input the light into the optical 
fiber by means of the lens, etc. ■ 
[0004] 

. [Problems to be Solved by" the Invention] With such' a prior-art 
arrangement,^ the optical fiber, semiconductor laser, and lens', • 
etc. , inust.be prepared^ and these components' must be fixed after 
performing alignment so that the' light from the semiconductor ' 
laser will be guided .via the lens into the core of the optical 
fiber. The optical fiber, semiconductor laser, and lens , etc . , 
must be-positioned accurately in the alignment, process s and this 
process therefore required much labor and time and prevented " 
•the reduction of cost. Also in some case's, .the alignment, 
deviates in the .process of fixing the semiconductor laser and " 

'the lens, etc., with respect to the optical fiber after the . 
alignment process, and this "fixing process subsequent the' 
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alignment process .was a cause of occurrence of defects. - 
' [0005] * An object of this invention is to simplify the 
manufacturing process of an optical communication module" to 
improve productivity and reduce.- .the cost. Another object'of 
this invention is to simplify the manufacturing process to 
.reduce the rate of occurrence of defects. 
[00.06]. • 

•[Means for Solving Problems] An optical communication module 
of a first aspect of this invention is equipped with an optical- 
transmission line and a surface emission laser. -The optical 
transmission line. has a. linear light transmission part, a light , 
containment part with a concentric cylindrical- form formed so 
as to. cover the light transmission part , and an. elect rode formed 
on one end. face in a manner such that . the .light transmission 
partis exposed at that end face.' The surface emission laser, 
has a light emitting' surf ace,- which is fused with- the electrode 
of the optical transmission line and from which light of a- 
predetermined frequency is emitted. As the surface emission 
laser, a surf ace emission laser, such as described in Japanese 
-Unexamined . Patent Publication No. 200.0-332351 and having a 
resonator that uses a two-dimensional diffraction grating, may 
be used. By using such a surface emission laser, the same laser 
.output-can be. obtained from below the electrode no matter where 



on the light, emitting : surf ace the electrode is disposed. 
[0007] With the optical communication module of . the first 
aspect of .this invention, the .electrode that is formed on one 
end face of the optical transmission line is fused to the light 
emitting surface of the surface" emission laser and this 
electrode serves as one of the electrodes of the surface 
.emission laser. In this case, carriers are injected below the 
.light emitting surface from the -electrode and laser light is 
emitted from, below the electrode. .Since the light- 
transmission part is exposed at this end face, the laser light 
that is emitted is guided to the light transmission part. 
[0008] With the optical communication . module of the first 
aspect of this invention, since the optical transmission line 
is fixed directly to the light emitting element, a lens or other . 
optical part for converging. the laser light into the optical 
.transmission line is made-unnecessary and alignment of the 
light emitting element, optical transmission line, and optical 
part is made unnecessary. The manufacturing process is thus 
simplified significantly and the productivity is improved. By 
improvement of the : productivity and elimination of an expensive ; 
optical part, the cost of the optical communication' module can 
be reduced. Also, since the electrode of the optical' 
■transmission line is fused to the -surface emission laser to ' 



fix the- optical transmission line and the surface emission 
laser, the fixing of these components is stabilized and the 
. rate of occurrence of defects can be .'reduced. ' •' ' 

[0009] An optical communication module of a second aspect of 
this invention .is equipped with a first optical transmission 
line, a second optical transmission line, a surface emission, 
laser, a light receiving: element , and a fixing part for fixing 
the surface emission laser and the light receiving element. 
The first, optical transmission line has a linear light 
transmission part - and- a light containment ..part with, a 
concentric cylindrical form formed so as to cover ..the ■ light 
transmission part. The first optical transmission line also 
has an electrode formed on one end face* in a manner such that 
■the light transmission part is exposed at that end face.". The 
surface emission laser has a light emitting surface, which is 
fused with the electrode of -the optical transmission.. line and 
from which light of a predetermined frequency is emitted. The 
second.optical transmission line transmits optical signals and 
the light receiving element receives the optical signals ■ 
transmitted by . the second optical transmission line. 'With 
this optical communication module, the surface emission laser" 
and the light receiving element are fixed to the fixing part 
and. thus this .device functions as a device for performing 



- bi-directional communication . , ' '/ • 

[0010] With the optical communication module of the second 
•aspect of this invention, the arrangement of the sending side 
;is the .same as the- arrangement of the optical communication 
module of the first aspect of this invention, and .the present 
module is, also equipped with a. receiving arrangement . The same 
actions and effects as those, of the first aspect of this' 
invention are exhibited when the first aspect of this invention 
is applied to such a bi-directional optical- communication 
module . 

[0011] An optical transmission line of a third aspect, of this 
invention is an optical transmission line for transmission of 
optical signals and comprises a light transmission part, a 
light containment ' part, and. an electrode. . . The light , 
transmission .part is a linear member and functions as a wave 
guide for light. The light containment part is a concentric 
cylindrical member .that is formed so as to ;COver the light 
transmission part. The electrode is formed on one end face' 
in a manner such that the light transmission, part is* exposed 
-at that'end face.- 

[0012] By using the optical- transmission line of the third 
aspect of this invention and putting the end face at which the. 
electrode is. formed in contact with the light emitting surface 
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of a surface emission laser and' fusing this electrode to the 
light emitting surface, the optical communication module of 
the first aspect of this invention can be formed. 
[0013] An optical communication, module manufacturing method 
. of a fourth aspect of this, invention is a method for" 
.manufacturing an optical communication module, equipping a 
surface emission laser emitting light of ; a predetermined 
frequency, and. an optical transmission line, having a linear 
light transmission part andt a light containment part with a 
concentric cylindrical form, formed so as to cover the light 
transmission part, and comprises two steps That is in. the- 
first step, an electrode of the surface emission laser is formed 
on a first end face of the optical transmission line in a manner 
such that . the light transmission part is exposed at that end 
face.. In the second step, the electrode is fused to the light 
emitting surface of the surface emission laser. - 
[0014] With the optical • communication module manufacturing 
'method of the. fourth aspect of this . invention, an electrode' ■ 
is formed on the first end face of the optical transmission' 
line and this electrode is fused to the light emitting surface ' 
of the surface emission laser and made to function. as one of - 
the electrodes. Also, since the light transmission part is 
exposed at the end face of the optical transmission line at 
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which the electrode is formed, the light that is' emitted from 
• the light emitting. surf ace is. guided. to the light transmission 
part. As was described with the first aspect of this'invention, 
with the optical communication module manufacturing method of 
the fourth aspect of this invention, the cost of the optical 
communication module can be reduced by improvement of the 
productivity and elimination of , an expensive optical part. 
Also, since the electrode of the optical transmission line is 
fused to the- surface emission laser to fix the optical 
transmission line and the surface emission laser, the fixing 
of these components is stabilized and the rate of occurrence 
of defects can be reduced. 

[0015] With an optical communication module manufacturing 
method of a. fifth aspect of this invention/ the first step in. 
the manufacturing method of the fourth aspect of this invention 
comprises a third step to a seventh step. That is, in the third 
step, a. resist film is coated, onto the first end face. In the . 
fourth, step, ultraviolet light" is made to enter- the light 
transmission part from- the second end. face side of the optical 
transmission line to expose the resist film. In the fifth step,.. . 
the resist film is developed to make. the resist film remain 
on the light transmission part . that is exposed at 'the first 
end face. In the sixth' step, electrode material' is material 




is; laminated onto the first end face.-. In the seventh step, 
the resist film remaining after the development is removed 
along with the electrode materia^, on the resist film surface 
to expose the light transmission path.. . 

[0016] With the optical communication module manufacturing 
method of the fifth aspect of this invention, by exposing the 
resist film via the light transmission part, just the resist 
film that- covers the light transmission part can be exposed 
readily. 

[0011] Also, in the second step of the manufacturing method 
of. the fourth or fifth aspect of this, invention, a semiconductor 
wafer, in which are formed a plurality of surface emission 
lasers, with each of which one of the electrodes is not formed, 
may be diced or cleaved to form a plurality of surface emission- 
lasers, with each of which one of the electrodes is not formed, 
and thereafter, the processes, of putting the electrode, formed 
on the first end face of an optical transmission line, in 
contact with the light emitting surface of a surface .emission 
laser and heating the optical transmission line and the surface 
emission laser to fuse the electrode to the light emitting 
surface of the surface emission laser,, may be carried out. In 
this case, an optical transmission line can be fused to the ■ 
light emitting surface of a diced or cleaved surface emission 
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"laser and the optical transmission line can thus be joined 
efficiently to the- surface emission laser. . 
• [0018] ' 

[Preferred. Embodiment ] : [Overall" arrangement] ■ Fig. 1 is ,a 
schematic arrangement diagram of an optical communication. 
. module to which an embodiment of this invention is applied. 
This .embodiment' s ' optical communication module is equipped 
with a surface emission laser 1,. emitting outgoing optical 
signals,, a light receiving element 2, receiving incoming 
optical signals, a. sending optical .fiber .3 and a receiving 
optical fiber 4 , transmitting the outgoing and incoming optical 
signals,' respectively, a lens 5, disposed between optical fiber 
4 and light receiving element 2 and converging the incoming 
optical signals output from '. optical fiber '■ 4 onto ' light- 
receiving element 2, .and a head -6., onto which surface emission 
laser 1 and light receiving element 2 are fixed." 
[0019] "With- this embodiment's optical communication 'module, ■ 
when an outgoing electrical signal is applied to an electrode 
of surface emission laser 1, surface emission laser .1 converts 
the" outgoing electrical signal into an outgoing optical signal 
and outputs the outgoing optical signal to optical .fiber 3. 
•Also, when an incoming optical .signal is output from optical 
fiber 4, the incoming optical signal is converged via lens' 5 
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onto light receiving element 2. and. the light receiving element 
converts incoming optical ' signal into an incoming electrical 
signal . 

[0020] [Arrangement of the optical fiber] Fig. .2 shows a 
sectional view (a) along the axial direction of optical fiber 
3 at the vicinity of the junction with surface emission laser 
1 and a diagram of the surface of junction (b) of optical fiber' 
3 with surface emission laser 1. As shown in Fig ! 2, optical 
fiber .3 comprises a core 31, serving as a .light transmission 
part for transmitting light, and a clad 32, serving'as a light 
containment . part for containing light within core 3i: Also,- 
with optical, fiber 3, an.electrode 33 is formed on' the end face, 
joined to surface emission laser 1 and the outer peripheral 
surface of the vicinity of this end face . This electrode 33 
is formed as the anode. electrode of surface emission laser 1. • 
At the end face .of optical fiber 3 that is. joined to surface 
■emission laser 1, electrode 33 is formed in a doughnut-like' 
'shape and has- an opening so that core 31 is exposed. By forming 
this opening, core 31 is exposed and the light emitted from 1 ; 
surface emission laser. 1 is 'introduced. efficiently into core 
31. " ■ ' ' 

[°021] With- this embodiment's optical communication module,' 
electrode 33, which is formed on optical fiber 3, is fused to 



light emitting surface 26 (to be described be.low) . of surface 
emission laser. 1, and- this electrode 33 ; is used as the anode 
electrode of surface emission laser 1. "In this case, a- lens 
or other optical part for converging, the laser light from 
surface emission -laser 1 onto optical fiber 3 .is." made 
unnecessary and the • alignment of surface emission . laser 1, 
optical fiber .3/ and an optical part is made unnecessary. 
[0022] .[Arrangement of the surface emission laser] As shown 
in Fig. 3(a), surface emission laser .1 of this embodiment is 
equipped .with a substrate 10, a first "containment layer 12, 
a second containment layer 14, an. active layer 16, a third 
containment layer 18, and' a cathode electrode 22. Electrode 
33, shown in Fig. 2, is joined to the surface of third" 
containment layer 18. Also " as shown . in Fig. 3(b), .a two- 
dimensional diffraction' grating 24, with which" depressed parts 
24a of . low refractive index are .formed • at fixed intervals on 
a plane within... a region of high refractive index, • is ' formed 
on first containment layer 12. . 

[00231 • As substrate 10, for .example, an n-typ.e InP 
semiconductor substrate with a (001) surface orientation is- 
used. As .second containment layer .14, an n-type InP; 
semiconductor layer is used, and as third containment 'layer 
18, a p-type InP semiconductor layer is used. The surface of 




third containment layer-. 18 functions as light emitting, surface 
26 from which laser light -is .outputted. Active layer 16 may 
have a. single or multiple quantum- well structure, .and for 
example by using, an InGaAs/IriGaAsP-type distprtion-less 
multiple quantum well structure, a surface emission laser 1 
with an emission wavelength of the 1.3 pm band can be realized. 
[0024] For first containment layer 12, a compound semiconductor, 
formed of elements of groups. Ill to. V and having a high 
.refractive index-, such as InP, InGaAsP, GaAs, InGaAs, etc., - 
may be used. Two-dimensional diffraction grating 24 is." 
arranged with a plurality of depressed parts 24a that are formed 
on one surface of first containment layer 12 as shown .in Fig. - 
3. The" intervals between ;the respective depressed parts 24a 
are set to ' be .integer multiples of the wavelength of light 
defined by the energy band gap of active layer 16. Here,-' each 
depressed part 24a is disposed as a- spatial part. of columnar 
(for- example, cylindrical) form." Each depressed part 24a is 
-formed so -that its refractive index will be' lower than the 
refractive index .of first containment layer 12.- The 
refractive index of depressed parts 24a is made lower than the 
refractive index of first containment layer 12, for example, 
by not embedding anything (setting up a state in which air- 
exists) in- depressed parts 24a, arid the- refractive index- 
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difference between the two parts is -thereby made large. Also, 
a dielectric material (an SiN film, etc.) of low refractive, 
index may be embedded in. depressed parts 2.4a. By thus making 
the refractive index difference large, light can be contained; 
within the medium of high refractive index. 
[0025] With surface emission laser 1, when an ■ outgoing 
electrical signal. 1 is applied to electrode 33 and cathode 
electrode 22 and carriers are injected into active layer 16, 
light of a wavelength . corresponding to the energy band gap of 
active layer 16 is generated. The light .generated by active 
layer 16 is amplified as phase-aligned light at two-dimensional 
diffraction grating 24 and enters active layer 16 again to cause 
stimulated emission. With this stimulated. Remission light, 
phase-aligned light' is amplified again at. two-dimensional 
diffraction grating 24 and returned to active "layer-": 16.." 
Stimulated emission at active layer 16 and amplification at" 
two-dimensional grating 24 are repeated and-laser light is then 
emitted from light emitting .surface .2 6. This laser light, 
enters into core 31 through the .opening of electrode 3'3 and- 
is transmitted.' ' 

[0026] With surface emission' laser 1' formed in- the above- 
described manner, only carriers are injected into the region-' 
of active layer. 16 below electrode 33' and since active layer 
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16 and two-dimensional grating 24 are formed across the entire 
surface, no matter where on light emitting surf ace 2 6 electrode 
33 is fused, light emission occurs in the same manner, below 
electrode 33 and laser light is guided to core 31 of optical 
fiber 33 . . Thus by using this surface emission laser 1, optical 
fiber 3 can be fixed readily to surface emission laser 1. 
[0027] (Manufacturing process of the optical communication 
module) A method for joining optical fiberi 3 to .surface 
emission laser 1 shall now be described with reference to Fig. 
4 to Fig. .9. 

[0028] First,, as shown -in -Fig. -4, a resist 34 (for example, 
AZ5214E) is .coated onto a first end face. of optical fiber 3, 
'which is to be joined, and the outer peripheral surface«at the 
vicinity of the first end face.- With the present embodiment, 
-resist 34 is coated from the. first end face to the - outer 
peripheral surface across a length of approximately 50 jam to 
10.00; Jim. in the axial direction. Thenas shown in Fig. 5, 
ultraviolet light (wavelength: 0.3 (im to 0.4 pm)- is. made to " 
enter, core 31 from a second end face at the side opposite the 
first end face to expose resist 34., which has been coated onto 
the surface of core 31 at the first end face . The exposed resist 
34 is then developed using a developing solution (for example, 
AZ300), and resist 34 is then peeled off while leaving on the 



exposed resist part 34a as 'shown in Fig. 6. Thereafter/- an 
electrode material, such as InZn, AuZn, InAu, • etc . is. 
vapor-deposited to form electrode 33 and the remaining exposed 
resist part 34a is lifted off along yith the electrode material 
there to expose core 31 as shown in Fig. 2. 

[0029] Fig. 8 shows a semiconductor wafer 10; with which the 
respective layers 22, 1-0, 12, 14, 16, and 18 (Fig. ,3) , besides 
the anode electrode, are laminated in that order.. This 
semiconductor wafer 10 is cleaved (diced) into. a plurality of 
regions to prepare a surface emission'laser I in' which an anode 
electrode is not formed. \ .> 

[0030] Fig. 9 (a) is. a sectional view of surface emission laser 
1, which has been cleaved from . semiconductor wafer 10, and 
optical fiber 3/. .and Fig. 9(b), is a. perspective . view of the 
same. Optical fiber 3, with which electrode .33 has been 
.prepared by the above-described steps, is put in contact with, 
light emitting surface 26" of surface emission laser 1 as shown 
in Fig. 9 and these components are heated by an oven, etc., 
in this condition.. * The heating "temperature is set to 
approximately 150°C to 600°C. By being heated, the material 
of electrode 33 melts and- becomes fused to light emitting 
surface 26. This electrode 33 functions as the anode electrode 
of surface emission laser 1.. Furthermore, in order to improve 



the fixing of surface emission laser 1 and electrode 34, "the 

. connected part is fixed by a resin 34. 

[0031] [Summary] With this manufacturing method, since optical 
fiber 3 is fixed directly to surface emission laser 1, a lens 
or other •optical part for converging the laser -light is made 
.unnecessary and alignment of surface emission laser 1, optical 

. fiber 3, and an. optical part is made unnecessary,, thereby 
simplifying the manufacturing process and improving the 
productivity. 

[0032] Since in addition to significantly simplifying the 
manufacturing process and improving the productivity, a lens 
or. other expensive optical." part can .be eliminated, the 
manufacturing cost can be reduced significantly. . Furthermore, 
since electrode 33, which is formed on optical fiber 3, is fused 
to light emitting surface 26, the fixing of surface emission 
'laser 1 and optical fiber 3 is made stable and the rate of 
occurrence of defects can be reduced significantly. By : f ixirig 
the junction- part further by resin 34 .after fusing surface 7 ', 
emission laser 1 and optical fiber 3, the fixing of the two 
components is stabilized . further . 

[0033] With surface emission laser 1 of the present embodiment, 
no matter where on' light emitting surf ace 26 optical fiber 3 • 
is fused, surface emission laser ! emits light below electrode'' 
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33,- which is formed on optical fiber 3, and the "laser light 
.is guided to core 31 of optical fiber 3. Optical fiber 3 can 
thus.be fixed readily to surface emission laser 1. 
[0034] ■ . - • 

(Effects of the Invention] With this invention, since in an 
optical communication module, the light emitting element is. 
fixed directly to the optical transmission line, an optical 
.part for converging the light from the light, emitting element 
onto the optical transmission line is made unnecessary and the 
alignment ' of the light emitting element, the optical, 
transmission line, and an optical part is made unnecessary. 
The manufacturing process is thus simplified; and the 
productivity is improved. Also the cost can be reduced by the 
improvement of 'productivity and the elimination of an expensive 
optical part. 

[0035] Also with this ; invention, since the fixing of the light 
emitting element and . the optical transmission line in an 
optical ' communication module is stabilized,, the ' rate of * 
occurrence of defects can be reduced. 
[BRIEF. DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A ^ schematic arrangement diagram of an optical 
•communication, module of . an embodiment of this . invention • 
[Fig.- 2] A- sectional view (a) of . a sending optical fiber, and 



a plan view of a first end face (b) of the same. 

[Fig. -3] A perspective view (a)' of a surface emission laser 
and a sectional view along line I-i' of- the same (b) . 

[Fig. 4] An explanatory diagram of a manufacturing process of 
the sending optical fiber (part 1). 

[Fig. -5] An explanatory diagram of a manufacturing process of 
the sending optical fiber (part 2). 

[Fig. 6] An explanatory diagram of a manufacturing process of 
the sending optical fiber (part .3) . 

EFig. .7] An explanatory diagram of a' manufacturing process of 
the sending optical fiber (part 4). 

[Fig. 8] A semiconductor wafer on. which a surf ace emission laser 
has been formed. ' " 

[Fig. 9] .A sectional view (a) and a perspective view (b) ..for 
describing the fusing of the sending optical fiber and the 
.surface emission laser.'. 
[Description of Symbols] . 

1 -Surface, emission laser (light emitting element)- 

2 Light receiving element 

3 Sending optical fiber (.first optical transmission line) '; 

4 Receiving optical fiber (second optical transmission line) 
10 Semiconductor wafer 

26 Light emitting surface 



Core (light. transmission part) 
Clad (light containment part) 
Anode ..electrode 
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Fig.3 Fig.5 




